We present a case of marked hyperamylasemia associated with undifferentiated small cell carcinoma of the lung.
ated with undifferentiated small cell carcinoma of the lung. The serum a-amylase had an electrophoretic mobility similar to that of salivary gland enzyme (s-type), and that in tissue extracts from the lung tumor and metastatic skin nodules showed similar migration. No evidence of a salivary or pancreatic cause of hyperamylasemia was found at autopsy, and macroamylasemia was excluded. We suggest that the strikingly increased serum a-amylase activity was a result of ectopic production of this enzyme by tumor. We compare results for this case to other published reports. The enzyme a-amylase [1,4-a-D-glucanohydrolase, EC 3.2.1.11 (1) plays an important role in the carbohydrate biochemistry of the human digestive system. The principle tissue sources of a-amylase are the pancreas and salivary glands; however, extracts of other tissues-including skeletal muscle, adipose tissue, small intestine, and normal lung-have some a-amylase activity (2) (3) (4) (5) (6) (7) . Reports concerning the liver as a source of a-amylase are conflicting (2, 5) .
a-Amylase activity in body fluids is widely determined in certain clinical disorders. Early in the course of acute pancreatitis, serum amylase activities are high, along with more persistent increases in urinary amylase activity. Various pancreatic or salivary-gland disorders and other medical conditions may be associated with hyperamylasemia or hyperamylasuria, or both. A more complete listing is given in Table 1 , which is modified from the comprehensive review published by Salt and Schenker (5) .
In normal serum more than half of the total a-amylase activity is attributable to isoenzymes with chromatographic characteristics similar to those of a-amylase from salivary glands (s-type). In urine the pancreatic (p-type) isoenzyme predominates (8) .The quantities of each isoamylase, however, vary among individuals.
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The a-amylase concentration in the circulation is determined by its production and rate of clearance. Although no definitive studies of these factors have been done in humans, a-amylase infused into baboons and dogs reportedly has a biological half-life of 1.5 to 4 h (9-li).
Clearance is primarily by a nonrenal mechanism, postulated to involve the reticuloendothelial system, similar to the mode of clearance suggested for other circulating enzymes (10) . Disappearance rates for a-amylase similar to those found in the dog have been observed after morphine administration in humans (12, 13) , which suggests that renal clearance is not the major pathway of a-amylase elimination. The renal handling of amylase involves glomerular filtration, because of the relatively small size of this enzyme (Mr, 48 000) (2) and also because of tubular reabsorption or catabolism of a-amylase (14, 15) .
The ratio of renal amylase clearance to creatinine clearance (Ca/Cc) for a healthy individual has been variously reported to range from 1.0 to 3.6% (16) and up to 5.3% (17) . This ratio is usually increased in patients with acute pancreatitis and decreased in those with macroamylasemia.
In patients with hyperamylasemia associated with other disorders the Ca/Cc ratio remains normal (14, 17) . Exceptions to this rule were reported by Berk et al. (18) , who found three cases of s-type hyperamylasemia in which the C0/C, ratios were very low. We also observed an extremely low a-amylase/creatinine clearance ratio in the present case of s-type hyperamylasemia.
Our report illustrates an unusual case of hyperamylasemia associated with undifferentiated small cell carcinoma of the lung. Results of the tissue analyses lead us to suggest that the neoplasm was the major surce of a markedly increased circulating a-amylase activity.
Case HIstory
The patient (H.H., 1524560), a 42-year-old white woman, was admitted in December 1976 with complaints of "swollen glands," weight loss, weakness, epigastric pain, chest pain on the left side, and swelling of the legs. The symptoms had progressed during the past six months, yet she had sought no medical attention. over the trunk. Diffuse rales, rhonchi, and wheezes were heard over both lung fields. Results of the cardiac examination were normal. The abdomen was diffusely tender to palpation and there was tenderness in the left costovertebral angle, and pitting edema of both lower legs.
Laboratory data obtained at the time of admission included a hematocrit of 31.5% and a total leukocyte count of 18 0004d with 87% polymorphonuclear leukocytes.The concentration inserum of Na was 139, K Treatment for electrolyte imbalance was begun, as was administration of antibiotics. Within 12 h of admission the hematocrit declined to 17.6% and the patient's respiratory status rapidly deteriorated. She was transferred to the medical intensive care unit, intubated, placed on a respirator, and given several transfusion units of packed erythrocytes.
Blood and pleural fluid cultures taken at this time were sterile and no pathogenic organisms were identified in respiratory secretions or bronchial washings.
Subsequent laboratory data showed persistently high and increasing a-amylase activity in the serum, while results of repeated lipase determinations were within reference intervals (see Figure 1) . Urinary a-amylase activity was increased to 1200 H.H. units/day (twice the URL). 
Autopsy FIndings
At autopsy, widespread tumor metastases were seen, but there was no evident inflammation of salivary gland or pancreas. A 3-cm hemorrhagic tumor nodule located in the left upper lobe of the lung was presumed to be the primary tumor.
In addition there was diffuse lymphatic and hematogenous spread of tumor throughout bination of tumor, necrotic tissue, and old hemorrhage. Metastases were also present in the skin, both breasts, kidneys, and brain. Microscopic foci of metastatic tumor could be seen in the pancreas and salivary glands.
The tumor histology was that of undifferentiated small cell ("oat cell") carcinoma of the lung. The tumor cells were arranged in sheets, with large areas of necrosis. Individually they were small with pyknotic nuclei and a high nuclear/cytoplasmic ratio. Numerous mitoses were evident.
Electron micrographs of the tumor cells showed them to have round nuclei with peripherally clumped nuclear chromatin. Within the cells' cytoplasm were lysosomes ranging in size from 70 to 160 nm and containing lightly staining osmiophilic material, mitochondria, abundant rough endoplasmic reticulum, and occasional desmosomes. Careful examination of the cytoplasm showed a few electron-dense, membrane-lined secretory granules, which is characteristic of tumors of Kulchitsky cell origin, including undifferentiated small cell carcinoma (19) .
Biochemical Studies
Tissues obtained at autopsy were stored at -20 #{176}C until assayed (one to nine months). Tissue a-amylase activity was Tissue extracts and serum were electrophoresed on cellulose acetate according to Kohn (21) . The a-amylase bands were stained by placing the cellulose acetate strip in contact with an agar gel matrix containing a dyed starch.2 Results so obtained are listed inTable2.Controltissues were obtained from four cases known to be free of liver and lung disease (C1-C4). Specimens labeled C5 were obtained from a patient who died of carcinoma of the lung without metastasis to the liver.
Serum obtained on the present patient's fifth hospital day was tested for the presence of a macroamylase by the method of Fridhandler et al. (22) , a procedure involving size-exclusion chromatography on Sephadex G-100. The amylase of normal serum is retained on the column, while amylase variants of higher relative molecular mass elute almost with the solvent front (which is made visible by a Blue Dextran marker). The patient's serum had a chromatographic pattern similar to that of normal serum that had been supplemented with salivary amylase; no a-amylase activity eluted with or near the Blue Dextran marker.
Discussion
Marked hyperamylasemia associated with ectopic amylase production by nonpancreatic tumors appears to be a rare phenomenon. Scattered reports have appeared over the past few decades noting an occasional association of hyperamylasemia with lung and ovarian cancers (7, 23) . Table 3 lists 12 reported cases of marked hyperamylasemia associated with lung tumors. Data on serum and tissue a-amylase activity and isoenzylne type, when given, have been listed for comparison with the present case. Cases with serum a-amylase activity of less than threefold the URL have been excluded because activities of this magnitude are associated with inflammatory conditions of the lung such as pneumonia (6, 24, 25) . The mechanism for these increases in a-amylase is unknown, and the particular cells producing a-amylase are unidentified. Otsuki et al. (6) and Ende (26) suggest that, except for rare cases of tumors producing the enzyme, increases in a-amylase activity in serum and pleural fluid associated with carcinoma of the lung generally represent a pulmonary response to the presence of tumor, similar to that seen in inflammatory conditions. An example of such a case, we believe, isC5 ( Table 2) Table 3 show that they ranged from 41 to 780 Somogyi units/g of wet tissue, with two exceptions. The activities reported by Handler (28) and by Yokoyama et al. (29) are at least 100-fold greater than other reported values for tumor tissue and more than 10-fold the highest tissue aamylase activities we encountered, even in salivary tissue (see Table 2 ). Furthermore Yokoyama's results seem contradictory, because the a-amylase per gram of wet tissue isreported tobe greater than the a-amylasepergram ofproteininlung tumor ["149.5 ti/mgprotein. . . and 5171 p1mg wet tissue of the tumor mass." [sic] (29) ]. The high valueswe found for a-amylaseactivity in a metastatic skinnodule (average, 290 HH units/g ofwet tissue) aredifficult to compare withother reports, as no otherskinmetastases have been studied.
Various separationtechniqueswere used by different workersto definethe amylase isoenzymeslisted inTable 3. However, each authorhas described the a-amylase present 24 andsubstrate specificity differences between salivary amylase and a tumor a-amylase with s-type electrophoretic mobility.
In our case the presence of s-type a-amylase and the absence of pancreatitis would seem to exclude the pancreas as the source of circulating a-amylase. Nor does it seem reasonable to suggest that the few microscopic foci of tumor in otherwise normal salivary glands could explain the marked hyperamylasemia. At autopsy the combined weight of pancreas and salivary tissue was about 100 g, whilethe total mass of tumor was estimated to be between 2000 and 4000 g. Because high a-amylase activities were demonstrated in the neoplastic tissues, the reasonable conclusion is that they were responsible for the marked hyperamylasemia.
A peculiarity of the clinical situation was the relatively low urinary a-amylase activities (twice the URL), while simultaneously collectedserum had very high a-amylase activity (about 38-fold the URL). The amylase/creatinine clearance ratio was 0.3%, suggesting the possibility of a macroamylasemia, but no macroamylase could be demonstrated.
Although the renal excretion of a-amylase in this case was low, this probably made only a minor contribution to the high serum activity, because the major clearance route for aamylase seems to be non-renal (9) . Therefore one might speculate that tumor or tumor products interfered with the normal catabolic clearance mechanisms (e.g., the reticuloendothelial system). This postulated interference, in addition to massive input from tumor, might have contributed to the high serum a-amylase activity.
a-Amylase-producing tumors of the lung include adenocarcinomas and undifferentiated small cell carcinomas. The cell of origin of adenocarcinomas is the subject of some debate (29, 32) , but it is believed to be an epithelial cell of foregut origin. In contrast, the undifferentiated small cell carcinoma such as this patient had is presently believed to be derived from the Kulchitsky cell, a cell of neutral crest origin, which is present beneath the epithelial lining cells of the lung (19, (33) (34) (35) (36) (37) . These tumors have been reported to secrete polypeptide hormones (34, 37) and enzymes (38, 39) and to have antigenic markers of both tissue derived from the neural crest and epithelial structures (40) . However, the diverse characteristics of undifferentiated small cell carcinomas in relationship to abnormal protein synthesis are now only poorly understood.
In summary, a case of undifferentiated small cell carcinoma of the lung with hyperamylasemia is presented. The high stype isoenzyme a-amylase activity demonstrated in serum and tumor tissues support the concept of the ectopic production of a-amylase by the tumor.
